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ABSTRACT
Bravo, Joshua Davis. MS. The University of Memphis. May 2014. Footwear
Effects On Agility And Balance During Reaction And Foot Speed Training. Major
Professor: Dr. Maxime Paquette.
The purpose of this study was to examine the effects of agility training in different
footwear on agility, speed and balance performance in healthy young adults. Twentyfour subjects went through a six-week agility training intervention in one of three
footwear groups: barefoot, minimal footwear or traditional shoes. No group and time
interactions were found but significant time main effects indicated that agility and
balance performance improved from baseline to post-test. Specifically, reaction time,
foot speed, static balance and, change of direction sprints were all improved as early as
two weeks into the intervention, with improvements continuing through the entire sixweek intervention. The lack of an interaction with time main effects suggests that specific
reaction time and foot speed agility training improves agility, speed and balance
performance over a six week period regardless of the type of footwear worn.

iii

PREFACE
The findings from this thesis will be submitted for publication to Footwear Science and
the formatted manuscript is presented in Chapter 2.
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CHAPTER 1
INTRODUCTION
1.1 Statement Of The Problem
Agility can be defined as movements that involve three components: quickness,
choice reaction, and change of direction (Galpin, Li, Lohnes, & Schilling, 2008). While
the face validity of agility testing is apparent, little is known about training for agility in
the context of footwear. Recently running barefoot, or in minimal footwear, has gained
popularity. However, other activities such as agility training have not been the object of
study. With agility, speed and balance being such crucial parts of athletic performance,
the high demand for novel footwear research to fill the current literature gap between
footwear type and agility training is of interest. Being able to increase an athletes’ agility
performance by manipulating the type of footwear worn during training could potentially
change the way athletes in various sports conduct their training.
1.2 Literature Review
This review of literature summarizes current findings of performance measures
from different agility, speed, and balance training modalities, and the effects of different
types of footwear on performance variables related to agility, speed, and balance in order
to answer the following proposed research question: Does a 6-week agility training
program in barefoot, minimal, and cross-training shoes yield different improvements in
agility, speed, and balance in young active men and women, and if so, which type of
footwear yields more rapid improvements in agility, speed, and balance in young active
men and women?
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Footwear
Although agility and balance training play a crucial role in improving
performance in sports, advancements in sporting footwear have helped improve sporting
performance tremendously over the past decades. The first modern running shoe was
created in the 1970s (Lieberman et al., 2010b), but with the current debate over the
benefits of barefoot running, there has been a recent interest in minimal shoes. The
concept behind the barefoot/minimal shoe is to yield “natural” foot and arch movement
patterns as an attempt to return to the primal ways of life (i.e., hunter-gatherer ancestors
OR before the running shoe era). The term minimal indicates that the height from the
heel of the shoe to the forefoot midsole is less than 4 mm thick, representing a close
comparison to mimic barefoot, whereas the conventional running shoe has a heel height
10-12 mm thicker than the forefoot midsole (Bowles, Ambegaonkar, & Cortes, 2012).
Shoes have developed drastically over the years and provide protection for the feet
against hazardous objects found in our modern urban environments. There is a different
type of athletic shoe for general physical activity, fitness and performance. The criteria
for optimal shoe construction have been proposed for different shoe types but shoe
designs to elicit optimal performance are still unknown (Hilgers, Mayer, & Walther,
2009), primarily due to high movement variability between individuals. With the
increased popularity in barefoot and minimal footwear in recent years, research has
focused on acute and training effects of such footwear on injury prevention and
performance. Although minimal footwear effects on sport movements have recently been
highly debated, footwear research has mostly been focused on running.
Footwear effects during running. Since the 1970s, numerous studies have
investigated the effects of different footwear on running mechanics. Although running
2

footwear literature is abundant, the current literature review will focus primarily on the
effects of barefoot and minimal footwear during running. Most current research on
barefoot and minimal footwear has focused on lower extremity mechanics during
running. It has been shown that running in traditional running shoes is most commonly
accomplished with a rear-foot strike (RFS) pattern (i.e., heel strikes the ground first)
which result in higher vertical ground reaction force (GRF) and greater vertical GRF
loading rates (Divert, Mornieux, Baur, Mayer, & Belli, 2005; Lieberman et al., 2010b;
Paquette, Zhang, & Baumgartner, 2013; Squadrone & Gallozzi, 2009). The loads
associated with the peak vertical GRF and its loading rate during the impact phase of
stance are transferred up the kinetic chain and must be absorbed by tissues of the body.
The chronic effects of higher loads to the body (i.e., Cumulative Load Theory) along with
multiple other risk factors (i.e., asymmetry, genetics, gender, previous injuries) may lead
to musculoskeletal injuries (Kumar, 2001). On the other hand, barefoot or minimal
footwear tend to promote a mid- or fore-foot strike pattern that result in lower vertical
GRF and loading rates (Lieberman et al., 2010b). However higher vertical loading rates
have been seen in RFS during barefoot and minimal shoe running compared to traditional
running shoes (De Wit, De Clercq, & Aerts, 2000; Paquette et al., 2013) likely, due to the
thinner sole or lack thereof which reduce the absorptive capability of the footwear. The
peak vertical GRF traditionally observed in RFS is absent in forefoot strikers (FFS)
regardless of footwear conditions (Paquette et al., 2013), but is significantly lower in
barefoot compared to running shoes in habitually FFS (Squadrone & Gallozzi, 2009).
The reduction of vertical GRF through the use of a mid- or fore-foot strike may yield
lower axial mechanical stresses applied to lower extremity bones and lead to greater
storage and use of elastic energy at the ankle (Divert et al., 2005). However, the greater
3

involvement of ankle plantarflexors observed during barefoot and minimal footwear
running (Paquette et al., 2013) may create higher loads at the Achilles tendon and plantar
fascia and thus, could potentially lead to chronic injuries of these structures.
A recent study showed that a ten-week transition to minimal footwear
(VibramFiveFingers™) in experienced runners led to a significant increase in bone
marrow edema (i.e., excess fluid and inflammation) in at least one bone in the foot
compared to runners who continued wearing traditional shoes (Ridge et al., 2013). It was
concluded that, considering the runners’ advanced training history of the runners, the
changes in bone marrow edema appeared to be caused by the minimal footwear and that
when transitioning to a minimal shoe, a longer transition period at a low intensity should
be considered. Lieberman et al. (Lieberman et al., 2010a; Lieberman et al., 2010b) found
that the majority of habitually RFS transitioned to a MFS or FFS after a six-week
minimal footwear training period. Additionally, shod RFS and barefoot FFS showed no
difference in vertical GRF loading rate, but barefoot runners had significantly higher
loading rates when shod versus unshod. Researchers have studied the acute and to a
lesser extent, the chronic effects of barefoot and minimal footwear during running (Divert
et al., 2005; Paquette et al., 2013; Shih, Lin, & Shiang, 2013; Squadrone & Gallozzi,
2009). However, research focused on the training effects of such footwear on agility,
speed and balance performance is scarce (Lieberman et al., 2010b; Ridge et al., 2013).
Agility
Agility is a topic of much debate, and allows an athlete to react to a stimulus, stop
quickly, and/or change directions in order to complete an athletic task in a fast, smooth,
and efficient manner. In addition, the quality of agility movements can reduce the risk of
injury, improve performance, and refine an athlete’s ability to adjust to external stimuli
4

(Verstegen & Marcello, 2001). Agility, along with coordination, have been said to be the
building blocks of athletic performance and are required in almost every sport (Verstegen
& Marcello, 2001). Change-of-direction speeds are vital components to numerous field
sports such as soccer, rugby, football, and field hockey (Dawson, Hopkinson, Appleby,
Stewart, & Roberts, 2004; Lockie, Murphy, & Spinks, 2003; Spencer, Bishop, Dawson,
& Goodman, 2005). In fact, it has been reported that on average soccer players perform
hundreds of cuts and turns during a game (Bloomfield, Polman, O'Donoghue, &
McNaughton, 2007). Additionally, an athlete’s ability to perform well on various agilitybased field tests has been shown to be correlated with level of performance (i.e., Division
I/Division II) regardless of the position in collegiate football players (Fry & Kraemer,
1991). Thus, increased performance of agility tests would be expected to indicate
increased sport ability.
Various methods to test agility performance have been developed and utilized for
a vast number of sports such as the 505 test (agility test requiring the athlete to sprint,
turn 180 degrees, and sprint back to the starting line), Illinois agility run (IAR; agility test
used to determine the ability to accelerate, decelerate, turn, and run at different angles),
T-test (agility test used to determine speed with directional changes), and pro-agility
shuttle run (agility test that requires the athlete to move to the right to a target line, then
to the left to a target line, then back to the starting position) (Gabbett, Kelly, & Sheppard,
2008; Sierer, Battaglini, Mihalik, Shields, & Tomasini, 2008; Vescovi, Brown, &
Murray, 2006). The change of direction (COD) is an agility test that was derived from
time-motion data from field sports that involves linear sprints and change-of-direction
tasks (Lockie, Schultz, Callaghan, Jeffriess, & Berry, 2013). Accordingly, fast, explosive
movements such as linear speed over five and 10 yards have been positively correlated
5

with American football performance (Barker et al., 1993). The COD has been positively
correlated with the 20-meter sprint and IAR (Lockie et al., 2013), both of which are valid
and reliable speed and agility tests for field-based sport performance (Vescovi et al.,
2006). However, given the longer duration of the IAR (14-18 seconds), a shorter COD
test (i.e. 5-10 meters) may be more applicable for the quick, explosive nature of many
sports (Dawson et al., 2004). Thus, not only can the COD assess an athlete’s speed and
change-of-direction ability, it may be indirectly linked to sport ability (e.g., American
football performance (Barker et al., 1993)). In order to improve the speed and COD
aspects of agility, specific training is needed.
Agility training. Performance variables in any sport setting can be improved
with training, including the aspects of sport performance such as agility, speed, and
balance. The ultimate goal of training is to achieve fitness goals, with a key objective
being able to reach a high level of performance and a performance peak at time of
competition (Viorel & Vladimir, 2011). Furthermore, athletic performance is dependent
on how training is conducted, and achieving a high sports performance is the direct result
of the athlete’s adaption to different types and methods of training. Two of the more
popular forms of training for athletic performance are speed, agility, quickness (SAQ)
training and plyometric training. SAQ is an effective conditioning method for complex,
dynamic sports for elite athletes that utilize the development of acceleration and
deceleration over short distances, changes of direction, and footwork patterns.
Enhancement of these variables help the athlete better react to external stimuli, improve
movement initiation and termination, and in general, be able to optimize movements to
complete a play or task in a smooth, efficient, and repeatable manner (Bloomfield et al.,
2007; Brown & Ferrigno, 2005). Plyometric training involves rapid bodyweight jump6

landing exercises utilizing the muscle stretch-shortening cycle (SSC) which allows
maximal force production of in the shortest amount of time by enhancing the ability of
the neural and musculo-tendinous systems (Markovic & Mikulic, 2010). Plyometric
training has been widely accepted as a standard training method used for the
improvement of many aspects of sport performance such as vertical jump, acceleration,
muscular power, increased joint awareness, overall proprioception (Miller, Herniman,
Ricard, Cheatham, & Michael, 2006), as well as agility, speed, and balance (Markovic,
Jukic, Milanovic, & Metikos, 2007).
In order to properly increase agility performance, all three aspects (quickness,
choice reaction, and change of direction) have to be addressed and incorporated into the
training methods. Agility can be trained and improved with plyometric exercises by
incorporating stopping, starting, and changing directions in an explosive manner (Miller
et al., 2006). In fact, the use of plyometric training for six weeks in young, healthy men
and women improved the times to complete three different agility tests: T-test (4.86%
improvement), IAR (2.93% improvement), and Force Plate Agility (agility test that uses a
force plate to measure quickness and power in hopping; >10% improvement) (Miller et
al., 2006). Furthermore, agility training via plyometric vertical jumps (i.e. depth jump
and countermovement jump) also showed an overall increase in agility performance in
time for both the IAR and the T-Test as compared to subjects’ pre-training test results
(Asadi, 2012).
There are many tools and drills used for agility training but most methods do not
require reactive responses to external stimuli. Due to the importance of reaction time in
sports (i.e., rapid cutting and change of direction), training tools that target reaction time
are essential to elicit proper training stimuli. The Quick Board (QB; The Quick Board,
7

LLC, Memphis, TN, USA) is a rubber mat with five target pressure sensors that is
connected to a control box with five corresponding lights. It is an agility training tool
that has already been tested and proven to be a viable means of assessing and improving
agility performance in young healthy men (Galpin et al., 2008). Further, Galpin et al.
(Galpin et al., 2008) have shown that four weeks of QB training yielded significant
improvements in foot speed, reaction time, and change-of-direction performance in
young healthy adults. The results showed that the exercise group increased foot speed
via number of foot contacts in a given time interval on average by 26% whereas the
control group showed no change. Recent work also shows that foot speed and foot
reaction time on the QB is significantly improved in older healthy adults after four and
eight weeks of QB training compared to cycling training (Paquette, Hoekstra, Huang,
Bravo, & Li, 2013). In addition to agility, speed has been researched extensively to
identify proper training techniques for optimal speed performance (Sheppard & Young,
2006; W. Young & Farrow, 2006; W. B. YOUNG, McDOWELL, & SCARLETT, 2001).
Speed
Speed is defined as the shortest time required to move along a fixed distance
without specifying the direction (Harman, Garhammer, & Pandorf, 2000), or simply the
ability to move the body a set distance as quickly as possible (Triplett, 2012). Brown et
al. (Brown & Ferrigno, 2005) stated that speed is considered by many people to be a
motor ability that people are inherently born with, and thus little time is spent on speed
training, however, it is in fact a skill that can be improved with the proper training. In
order to get maximum results from training, the individual aspects of speed such as stride
length/frequency, strength, power, functional flexibility, acceleration and proper
technique need to be considered for overall speed improvement. Additionally, the type of
8

speed needs to be addressed for training because it has been shown in previous research
that straight-sprinting speed and change-of-direction speed are separate variables and
have a low correlation with each other (Negrete & Brophy, 2000; Sheppard & Young,
2006; W. Young, Hawken, & McDonald, 1996).
Speed training. With regards to the current literature review, the focus on speed
is that of foot speed and quickness of the lower extremity in order to produce the fastest
movements in multiple directions. Similar to agility, plyometric training and SAQ
training have also been shown to improve speed, and as stated by Benko et al. (Benko &
Lindinger, 2007), foot speed and lower extremity quickness can be properly trained by
differential learning. Differential learning is a method of training that uses the principle
of variation to incorporate the transition of different types of exercises such as jumping,
sprinting, and stepping patterns in succession to challenge perception by pattern
transitions. Additionally, plyometric and SAQ exercises such as high knees, ladder drills,
side strike box exercises, lateral/side stepping, and dot drills can all be beneficial for the
development of foot speed and quickness that allow athletes to reach higher levels of
athletic performance (Yap & Brown, 2000). Although athletic performance in various
sports can be greatly improved with the proper training, the outcome of training can be
drastically affected by the footwear worn for a given sport.
Footwear effects on agility and speed training. Traditional shoes in sports such
as basketball are designed to protect the foot from high landing forces and to stabilize the
ankle to prevent sprains (Brizuela, Llana, Ferrandis, & Garcia-Belenguer, 1997).
Brizuela et al. (Brizuela et al., 1997) found that although bulky traditional basketball
shoes create extra ankle stability and support, they limit the range of motion in the ankle
in the sagittal and frontal planes and reduce vertical jump performance and lateral
9

movements such as cutting. The authors suggested that rigid stable shoes should not be
worn by individuals who perform frequent rapid movements to avoid potential injuries
(Brizuela et al., 1997). As previously mentioned, most of the current research on
barefoot and minimal footwear has focused on running (Divert et al., 2005; Lieberman et
al., 2010b; Paquette et al., 2013; Ridge et al., 2013; Shih et al., 2013; Squadrone &
Gallozzi, 2009). However, a recent study investigated the effects of barefoot training on
agility and speed in netball players (Du Plessis, 2011). Their findings showed that
randomized agility and plyometric training involving foot speed, change of direction and
choice reaction, all similar exercises that are performed on the QB, resulted in significant
increases in agility performance in the 505-agility test and slight improvements in time to
completion for the 10 and 20-meter sprint tests compared to a shod (i.e., wearing normal
training shoes) group. Furthermore, a study investigating the effects of footwear on
lower extremity joint stiffness found that ankle and knee stiffness was higher with
traditional shoes compared to barefoot (Bishop, Fiolkowski, Conrad, Brunt, &
Horodyski, 2006). Lower knee joint stiffness during running/cutting and jumping has
been observed following a dynamic warm up of calisthenics (i.e., squatting, lunging and
running drills) compared to a static-stretch warm up (i.e., simple stretching; without
calisthenics) in U.S Military Academy athletes (McMillian, Moore, Hatler, & Taylor,
2006). In addition, the dynamic warm up yielded improvements in agility performance
compared to the static-stretch warm up and no warm up at all (McMillian et al., 2006).
These findings may suggest that lower knee joint stiffness may help improve agility
performance. Thus, based on the finding that ankle and knee joint stiffness is higher in
traditional shoes (Brizuela et al., 1997), this footwear may lead to potential reductions in
foot speed and quickness performance. In addition to agility and speed, balance is an
10

important aspect of sport performance that can be manipulated by footwear and training
and is the underlying component of all movement skills, especially agility (Verstegen &
Marcello, 2001).
Balance
Balance is a complex process of controlling the body’s center of gravity within
the base of support by the involvement of multiple sensory, motor, and biomechanical
components. With use of feedback from visual, vestibular, and somatosensory structures,
the body stays in balance by contracting the muscles of the ankles, knees, and hips
(Nashner, 1997). Balance control allows an athlete to produce efficient and successful
movements in sports (Verstegen & Marcello, 2001), whereas poor balance has been
associated with high rates of ankle injury in sports (Hrysomallis, 2007). An athlete’s
ability to balance has been seen to vary between sports. For example, national-level
soccer players have been known to have better static balance ability measured as the
center of pressure (COP) sway velocity while standing on a single leg compared with
regional-level players (Paillard et al., 2006). Furthermore, balance ability in a static onelegged stance in national-level golfers has been correlated with increased golf
performance measures such as greens in regulation and putting success (i.e. better golf
scores) (Wells, Elmi, & Thomas, 2009). This increased balance performance has been
theorized to arise from repetitive experiences that influence motor responses, or possibly
form the training experience that the skilled athlete has over another athlete with lesser
experience (Bressel, Yonker, Kras, & Heath, 2007). Based on current literature findings,
it is evident that improved balance can be helpful to increase sport-specific performance.
Balance training. Specific training (i.e. resistance, plyometric) can improve
lower limb muscular strength and has been shown to enhance balance by increasing
11

control of the center of pressure in the medio-lateral direction (Bruhn, Kullmann, &
Gollhofer, 2004; Cressey, West, Tiberio, Kraemer, & Maresh, 2007; Lephart, Smoliga,
Myers, Sell, & Tsai, 2007; Myer, Ford, Brent, & Hewett, 2006). Improvements in overall
balance performance can also be seen with training modalities such as static balance on
one or both legs while on a wobble board or unstable surface (Bruhn et al., 2004; Kean,
Behm, & Young, 2006), tilt board (Šalaj, Milanović, & Jukić, 2007), or with a BOSU ball
(Yaggie & Campbell, 2006) which are all relatively simplistic tasks that require the
subject to maintain an upright stance with as little overall body movement (i.e., sway) as
possible. Tai Chi is another popular form of balance training which consists of
performing slower, controlled movements. It has been shown to improve balance by
shortening the reflex times in lower limb muscles resulting in stability improvements in a
dynamic balance test using an antero-posterior (AP) tilt board (Fong & Ng, 2006).
Additionally, the long-term practice of Tai Chi has yielded improved control of stance
under reduced or conflicting sensory conditions in an elderly population compared to
those of similar age or even young healthy individuals who do not practice the art (Tsang,
Wong, Fu, & Hui-Chan, 2004). There is also a rising interest in the use of the Wii Fit™
as a balance training tool which has been shown to significantly improve performance on
the STAR Excursion Balance Test (SEBT) just after three weeks of training (Byrne,
Roberts, Squires, & Rohr, 2012). There has also been evidence showing significant
correlations between the WiiFit™ balance tests, which require the subject to shift center
of pressure to avoid objects on the screen, and visual processing speed and attention of
the Useful Field of View (UVOF) test (Reed-Jones, Dorgo, Hitchings, & Bader, 2012).
Many tests have been used to assess balance during postural, gait and other
movement tasks. The star excursion balance test (SEBT) is a test of functional dynamic
12

stability that incorporates single-leg stance with maximum reach and provides accurate
assessment of lower extremity function (Olmsted, Carcia, Hertel, & Shultz, 2002). It has
been previously investigated and found to be a reliable test in determining a subject’s
functional dynamic balance ability (Kinzey & Armstrong, 1998). The NeuroCom®
Limits of Stability (LOS) test is another balance test that assesses the ability to shift the
center of pressure away from the center of gravity (i.e. outside of the base of support) and
while maintaining stability.
Although there are many training methods focused on improving agility, speed,
and balance, the many factors influencing athletic performance make it challenging for
researchers to fully understand the mechanisms related to training improvements.
Footwear effects, specifically barefoot and minimal footwear, on training and athletic
performance are currently highly debated in various fields of exercise science. Thus,
many researchers have focused their efforts to understand the benefits or risks of barefoot
or minimal footwear during training and competition (Lieberman et al., 2010b; Munro,
Mickle, & Steele, 2011; Paquette et al., 2013; Zhang, Clowers, Kohstall, & Yu, 2005).
Footwear effects on balance training. Research has stated that the use of
minimal shoes and barefoot training leads to improved postural stability because balance
depends on cutaneous and proprioceptive inputs from the feet, which are lost when shoes
are worn (Rose et al., 2011). Additionally, a traditional, thicker, stiff insole decreased
perceived sensory information related to foot position, thus adversely affecting
proprioception of the foot placement in relation to the body (Zhang et al., 2005). In a
balance study comparing barefoot and six shod conditions of varying midsole
characteristics in older men, it was found that as the midsole thickness increased, balance
performance while walking across a beam decreased significantly (Robbins, Gouw, &
13

McClaran, 1992). Furthermore, the same test revealed that there was decreased balance
performance when wearing any of the experimental shoes compared to barefoot. It has
also been shown that wearing heels in contrast to standing barefoot in increased mediolateral center of pressure (COPnet) sway velocity during single leg stance in ballet
dancers (Kilby & Newell, 2012). Following an eight-week study in sixteen healthy
subjects of all ages, it was found that wearing minimal footwear (i.e., Vibram FiveFinger
KSO™) for only one to two hours per day while doing activities of daily living improved
their ability to maintain their balance measured in a series of balance maneuvers (i.e.,
single leg stance) compared to their pre-training values (Dobson, Solecki, Boazzo, &
Wiles, ). The findings from the current literature indicate that minimal footwear and
barefoot training can affect performance variables in walking and running, and even
during postural control tasks. With so many different types of shoes available, careful
consideration must be taken when choosing a type of training footwear in order to elicit
optimal athletic performance.
1.3. Literature Gap And Limitations
The current literature provides evidence on the importance of agility, speed and
balance in athletic performance. In addition, previous research shows the benefits of
agility training in barefoot on agility and speed performance and, the potential improved
cutaneous and proprioceptive inputs from the feet in barefoot and minimal footwear (Du
Plessis, 2011; Robbins et al., 1992; Rose et al., 2011). Previous research indicates that
QB training improves COD performance (Galpin et al., 2008) and that barefoot training
improves agility performance compared to shod training (Du Plessis, 2011). However,
current research has not investigated the effects of barefoot and minimal footwear during
agility and balance training on performance variables. With the QB being a validated
14

tool to train agility performance, and the COD being a test of agility that is highly
correlated to athletic performance, the QB is an appropriate tool to improve the results of
the COD and thus increase athletic performance. Therefore, research associating footwear
effects during agility training (e.g., QuickBoard) for agility, speed, and balance
performance is warranted.
1.4 RESEARCH QUESTIONS AND HYPOTHESES
Based on current literature findings and limitations, the following research
questions and hypotheses were formulated:
Question 1: Does a 6-week agility training program in barefoot, minimal, and crosstraining shoes yield different improvements in agility, speed, and balance in young active
men and women?
Hypothesis 1: Although we expect that training in all footwear will improve all
performance variables, we also expect that barefoot and minimal footwear groups
will yield greater improvements in agility, speed, and balance performance
compared to cross-training shoes.
Question 2: Which type of footwear yields more rapid improvements in agility, speed
and balance in young active men and women?
Hypothesis 2: We expect that barefoot and minimal footwear will yield more
rapid improvements in agility, speed and balance compared to cross-training
shoes.

15

CHAPTER 2
MANUSCRIPT
2.1. Introduction
There is a continuous need to identify training methods aiming to improve athletic
performance at all levels. Agility can be defined as movements that involve quickness,
choice reaction, and change of direction (Galpin et al., 2008). Along with coordination,
agility has been said to be one of the building blocks of athletic performance and is
required in almost every sport (Verstegen & Marcello, 2001). In addition, the quality of
agility movements is related to the risk of injury, and can improve performance and
refine an athlete’s ability to adjust to external stimuli (Verstegen & Marcello, 2001).
Specifically, change of direction is a vital component to numerous field sports such as
soccer, rugby, football, and field hockey (Dawson et al., 2004; Lockie et al., 2003;
Spencer et al., 2005). In fact, it has been reported that on average, soccer players perform
hundreds of cuts and turns during a game (Bloomfield et al., 2007). Additionally, an
athlete’s performance on various agility-based field tests is positively correlated with
level of sport performance (i.e., Division I/Division II) regardless of player position in
collegiate football players (Fry & Kraemer, 1991). Thus, increased performance of agility
tests would be expected to indicate increased sport ability. Although training methods are
important, variations in training equipment must also be considered to optimize agility
performance.
In recent years, advancements in sporting footwear have helped improve sporting
performance tremendously. In fact, acute and chronic effects of footwear on athletic
performance have received much attention, however, most research has focused on
running (Divert et al., 2005; Lieberman et al., 2010b; Paquette et al., 2013; Ridge et al.,
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2013; Shih et al., 2013; Squadrone & Gallozzi, 2009). While the importance of agility
training for athletic performance is established, little is known about the potential effects
of footwear on agility training. With the current debate over the benefits of barefoot
running, there has been a recent interest in minimal shoes. The concept behind
barefoot/minimal shoes is to yield more “natural” foot movement patterns. Conventional
running shoes have a heel height that is 10-12 mm thicker than the forefoot midsole.
However, the term minimal indicates that the height from the heel of the shoe to the
forefoot midsole is less than 4 mm has a thin, flexible sole, and no arch support (Bowles
et al., 2012). Therefore, the characteristics of the minimal shoe suggest a closer
representation of barefoot. A recent study compared agility and speed in netball players
before and after agility training in barefoot and shod (i.e., wearing shoes) groups and
showed significant increases in agility performance (i.e., 505-agility test; sprint test with
a 180-degree turn to monitor speed and agility) and slight improvements in sprint times
(i.e., 10 and 20-meter) for the barefoot compared to the shod group (Du Plessis, 2011).
Further, Brizuela et al. (Brizuela et al., 1997) showed that although bulky traditional
basketball shoes create extra ankle stability and support, they limit the sagittal and frontal
plane ankle ranges of motion and reduce vertical jump performance and lateral
movements such as cutting.
Along with agility, balance is an underlying component of all movement skills.
Maintaining stability is important in order to successfully complete complex and rapid
motor tasks without interruption (Verstegen & Marcello, 2001). It has been theorized that
the ability to maintain balance may be related to a high level of sport performance due to
the repetitive nature of the training experience in skilled athletes (Bressel et al., 2007).
Furthermore, specific training (e.g., resistance, agility, and plyometric) can improve
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lower limb muscular strength and has been shown to enhance balance by increasing
control of the center of pressure (Bruhn et al., 2004; Cressey et al., 2007; Lephart et al.,
2007; Myer et al., 2006).
Footwear may also influence balance. Research suggests that balance
performance during beam walking is increased in barefoot compared to shod conditions
of varying midsole characteristics in older men (Robbins et al., 1992). Research suggests
that the cutaneous and proprioceptive inputs from the feet are lost when thick-soled shoes
are worn. Thus, improvements in postural stability may be seen when barefoot or in
minimal footwear (Rose et al., 2011). Thus, the reported benefits of barefoot, and even
minimal shoes, on balance performance may have positive effects of agility and speed
performance (Verstegen & Marcello, 2001).
Many apparatuses and drills are used for agility training, but most methods do not
require reactive responses to external stimuli. Instead, most drills require the use of
stationary objects to maneuver around which focuses on closed agility performance. Due
to the importance of reaction time in sports (i.e., rapid cutting and change of direction),
training tools that target reaction time, are essential to produce the appropriate training
stimuli. The Quick Board (QB) is an agility training tool that presents random external
stimuli incorporating choice reaction and open agility, and yields significant
improvements in foot speed, reaction time, and change-of-direction (COD) test
performance in healthy young adults (Galpin et al., 2008), as well as improvements in
foot speed and reaction time in healthy older adults (Paquette et al., 2013). The QB is a
valid tool to train agility performance, and is an appropriate device to improve results in
various field tests (i.e., COD) related to athletic performance (Galpin et al., 2008).
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The current literature provides evidence on the importance of agility, speed and
balance in athletic performance. In addition, previous research shows the benefits of
agility training while barefoot and in minimal shoes on agility, speed, and balance
performance (Du Plessis, 2011; Robbins et al., 1992; Rose et al., 2011). Finally, previous
research indicates that QB training improves COD performance (Galpin et al., 2008) and
that barefoot training improves agility performance compared to shod training (Du
Plessis, 2011). However, current research has not examined the effects of barefoot and
minimal footwear during agility and balance training on performance variables indicating
that research investigating the footwear effects during agility training (e.g., QuickBoard)
for agility, speed, and balance performance is warranted.
Therefore, the purpose of the current study was to examine the effects of agility
training in barefoot, minimal shoes, and cross-training shoes on agility, speed and
balance performance in healthy young adults. We hypothesized that six weeks of
QuickBoard training in all footwear conditions would improve all performance variables,
the barefoot and minimal footwear groups would yield greater improvements in agility,
speed, and balance performance compared to the shod group. Additionally, we expected
that the barefoot and minimal footwear groups would improve in the performance
variables more rapidly compared to the shod group due to heightened cutaneous and
proprioceptive inputs from the feet.
2.2. Methods
2.2.1. Subjects
Twenty-four healthy young adults aged 18-35 years were recruited from the
University of Memphis community to participate in the study. A gender-stratified
randomization was used to assign subjects to all three footwear groups (i.e., barefoot:
19

5M/3F; minimal: 4M/4F; shod: 5M/3F). Subjects were recreationally active, free from
any previous lower limb surgeries and current lower limb injuries that hindered the
ability to give maximal efforts during agility and speed tests, and had no prior exercise
training experience with minimal footwear (i.e., agility, resistance, or endurance).
Subjects were recruited via word-of-mouth and recruitment flyers posted around campus.
Before the start of the study, subjects signed an informed consent document approved by
the Institutional Review Board for ethical human subject research.
2.2.2. Materials
During the intervention, subjects trained on the QB (Figure 1) which is a rubber
mat with five target sensors placed on the ground connected to a control unit (Figure 2)
that provides specific visual cues (i.e., lights) corresponding to the target sensors on the
board. The subjects’ agility, speed, and balance were tested using specialized laboratory
equipment before (baseline), after 2 weeks, after 4 weeks and at the completion of the
intervention (6 weeks). The Change of Direction (COD) test is a speed and agility test
that requires the subject to sprint and cut/turn as quickly as possible and was used to
assess speed and agility. As linear speed over five yards has been positively correlated
with American football performance (Barker et al., 1993), the COD test may also be
indirectly linked to sport performance as it consists of a series of five meter sprints with
changes of direction. The total time to completion was captured using infrared photocells
(i.e., light beam sensors; 63501 IR, Lafayette Instrument Inc., IN, USA) and an electronic
timer (54035A, Lafayette Instrument Inc., IN, USA). The QB forward and backward
counting drills and the reaction drill were also used to assess foot speed, agility and
reaction time. The STAR Excursion Balance Test (SEBT) and the NeuroCom® VSR®
SPORT (NeuroCom International Inc., S/N: 6044, Clackamas, OR) were used to test
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balance. The SEBT is a reliable test to assess functional dynamic balance (Kinzey &
Armstrong, 1998) and measures lower extremity reach while challenging an individual’s
limits of stability on one foot (Olmsted et al., 2002). The NeuroCom system consists of a
level 18 x 30 inch metal platform used to assess balance measures and is linked to a
computer with NeuroCom® Balance Manager® software that provides visual instructions
and cues during balance tests.
2.2.3. Procedures
Subjects first attended an initial visit to the testing laboratory where they filled out
a health history and a physical activity readiness questionnaire ensuring that they were
healthy and fully capable of participating in the training intervention. Subjects were then
informed about the risks and benefits of the study and, read and signed an informed
consent document approved by the Institutional Review Board for ethical human subject
research. Following consent, subjects were informed about all specific testing procedures
and given time to familiarize themselves with all tests (QB, the NeuroCom®, SEBT and
COD). The next laboratory session, at least 24 hours following the initial laboratory
visit, consisted of the baseline testing for all tests. Following completion of the baseline
test, subjects were randomly assigned but gender matched to either the barefoot, minimal
footwear (FiveFinger KSO, Vibram, USA) or shod (cross training shoe; MX623, New
Balance, Lawrence, MA, USA) group. The minimal footwear and cross training shoes
were kept in the laboratory at all times to prevent any additional experience with the
footwear outside of the study.
2.2.3.1. Agility Tests. The QB tests consisted of three components: the forward
and backward counting drills and the reaction drill. The setup of the QB and control box
is illustrated in Figure 1 and Figure 2. The counting drills required the subject to start in
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the neutral zone (feet on either side of the center dot) then step one foot at a time to either
the two front dots or the two back dots (depending on which drill is being performed),
then back to the neutral zone as quickly as possible. The forward and backward counting
drills consisted of performing 20 touches as quickly as possible. The reaction drill was
performed with the use of the control box. The subject started in the neutral zone and the
box gave a five-second countdown at which point the lights will light up one at a time in
random order requiring the subject to touch the corresponding dot on the QB. The
reaction drill consisted of performing 10 touches as quickly as possible using the right
foot for the right two dots, left foot for the left two dots, and either foot for the middle
dot. For all three tests, the subjects performed three sets at maximal effort with a oneminute rest between each set. The QB tests were performed in the cross trainer shoes
provided by the investigator which was also the same shoe used by the shod group.

Figure 1. Quickboard setup

Figure 2. Control unit
attached to QuickBoard

The COD test required subjects to sprint for five meters, touching a marked line
on the ground with the hand, turning 180 degrees, sprinting back to the starting line,
touching the line with the hand, and repeating the sequence once more (i.e., total of 20
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meters). The test was performed three times with a two minute rest period between trials
and, the best of time of the three trials was used for analysis. Subjects performed the
COD test in the cross trainer shoes provided by the investigator which was also the same
shoe used by the shod group.
2.2.3.2. Balance tests. The subjects’ balance was tested using the SEBT and
NeuroCom® VSR® SPORT. The SEBT consists of a star taped on the ground with eight
different directional lines (forward/back, left/right, and four angles). The subjects were
required to place their hands on hips, stand in the middle of the star on one foot while
using the other foot to reach down each line, one at a time, as far as possible, touch the
ground lightly as to not shift the weight from the support leg, and return back to singleleg stance; all while staring straight ahead at a mark on the wall. The distance from the
middle of the star (i.e., where the support foot is located) to the furthest most point
reached with the opposite foot on each line was measured using a tape measure. Three
consecutive maximal attempts down each line were completed with both legs. The
furthest point reached out of the three attempts down each line without losing balance
was measured and recorded for analysis.
The NeuroCom® was used for two different tests: Stability Evaluation (SE) and
Limits of Stability (LOS). The Stability Evaluation test required the subjects to stand on
the NeuroCom® board with hands on hips for four different stances: single leg stance on
both the right and left foot with eyes open and with eyes closed. Each stance position is
held for twenty seconds while the subjects are instructed to maintain their postural
stability (i.e., stay as still as possible). The subjects were required to stare at a mark on
the wall while performing stances with eyes open. During the Stability Evaluation, the
average center of pressure (COP) (i.e., centralized location of force under the feet) sway
23

velocity in both the anterio-posterior (i.e., front to back) and medio-lateral (i.e., side to
side) directions was measured. Each stance position was repeated up to three times if the
subject couldn’t maintain stability for at least half (10 sec) of the time, with the third trial
accepted regardless of the amount of time the stance was held. The LOS test involves the
movement of the center of pressure to eight target areas located in different directions
(forward/backward, left/right, four angles) around the body. The target areas are
presented visually on a computer screen. The subjects were positioned on the board by
the investigator where they could stand comfortably with their hands on hips (i.e., natural
upright stance) and have the center of pressure sensor start in the middle box (i.e.,
standing upright with COP directly under the body). When cued, the subjects were
instructed to shift their COP (i.e., weight) in the direction of the target zone without
losing balance and maintaining feet flat on the board. Once completed, the subjects
shifted their weight back to the original position, and moved onto the next target once
presented. During the LOS test, endpoint excursions (i.e., the distance of the first
movement toward the designated target), maximum excursion (i.e., the maximum
distance achieved during the trial) and directional control (i.e., the comparison of the
amount of movement towards the target to the amount of movement away from the
target) was measured. Both NeuroCom® tests were completed twice, and all balance
tests were completed barefoot. The baseline test session served as the first training
session of that training week.
2.2.3.3. Training. The next six weeks consisted of supervised QB training for all
three footwear groups. Each week, subjects attended three testing sessions lasting
approximately 30-45 minutes. During the training sessions, each subject trained using the
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QB counting and reaction drills. A detailed description of the QB training program is
provided in Table 1.

Table 1. QuickBoard work load for each drill throughout the 6-week program.
Drills
Sets
Reps (touches)
Rest (min)
Weeks
1-2 3-4 5-6
1-2
3-4 5-6
1-2 3-4 5-6
3
3
3
20
30
40
1
1
1
Forward Count
3
3
3
20
30
40
1
1
1
Backward Count
3
3
3
15
20
25
1
1
1
2-Foot Reaction Drill
3
3
3
10
15
20
1
1
1
1-Foot Reaction Drill (L/R)
Notes: Week 1 of training involved just one time through all the drills with their
respective sets and reps, weeks 2-6 increased to two times through all drills with their
respective sets and reps. Training was performed in respective footwear groups.

The forward and backward counting and reaction drills were performed in the
same manner as testing. The training also included a reaction drill on one leg, where one
leg will serve as a support limb while the other will be required to touch the appropriate
cued dots as they light up on the control box. The one leg reaction drill will be done on
each leg. Subjects were re-tested for speed, agility and balance after completing two,
four and six weeks of training using the same procedures as the baseline testing session.
During the course of the study, subjects were required to attend the one initial laboratory
visit, four testing sessions and 15 training session for a total of 20 laboratory visits during
a 6-week period.
2.2.4. Statistical Analyses
A two-way (Footwear x Time) repeated measures analysis of variance (ANOVA)
with time as the within-subject factor and footwear as the between-subject factor was
used to evaluate each dependent measure (21.0 SPSS, IBM, Chicago, IL, USA). Least
significance difference (LSD) post hoc analysis was used to compare means for within25

subject comparisons (i.e., significant main effects for time). Cohen’s d effect sizes (ES)
were also calculated for pairwise comparisons with the magnitude interpretation of
Hopkins (Hopkins, 2013). Significance was set at an α level of 0.05.
2.3. Results
No interaction or group effects were found for any of the dependent variables
examined in the study (p>0.05). The only significant results that were found were main
time effects. The current findings revealed time main effects for nine out of the thirteen
dependent variables that were analyzed during the study.
2.3.1. QuickBoard tests
The ANOVA showed no interaction (p=0.707) or group effects (p=0.750), but
yielded a time main effect for QuickBoard reaction time (p<0.001; Figure 3) for all
groups together. Post hoc analysis revealed improved time to completion from baseline
(7.0 ± 0.7 s) to 2-weeks (6.4 ± 0.6 s; p<0.001; ES=0.96), 4-weeks (6.1 ± 0.5 s; p<0.001;
ES=1.57) and post (5.7 ± 0.4 s; p<0.001; ES=2.46) and, from 2-weeks to 4-weeks
(p=0.04; ES=0.65) and post (p<0.001; ES=1.50) and finally, from 4-weeks to post
(p=0.001; ES=0.76; Figure 3).
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QB Reaction Drill
Time to Completion (sec)

8
7.5

*

7

*,&

6.5

*,&,#

6
5.5
5
4.5
4
Baseline

2-Weeks

4-Weeks

Post

Testing Session

Note: *: different than baseline; &: different than 2-weeks; #: different than 4-weeks; P <
0.05. Tests were performed in cross trainer shoes.
Figure 3. Time to completion (sec) for the QuickBoard Reaction Drill to 10 touches for
all footwear groups collapsed together from baseline through post-test (mean±SD).

QuickBoard forward counting also showed no interaction (p=0.781) or group effects
(p=0.901), but yielded a time main effect (p<0.001; Figure 4) for all groups together. Post
hoc analysis revealed improved time to completion from baseline (5.7 ± 1.2 s) to 2-weeks
(4.3 ± 0.5 s; p<0.001; ES=1.65), 4-weeks (4.2 ± 0.5 s; p<0.001; ES=1.91) and post (3.8 ±
0.4 s; p<0.001; ES=2.46) and, from 2-weeks to 4-weeks (p=0.014; ES=0.38) and post
(p<0.001; ES=1.18; Figure 4) and, from 4-weeks to post (p<0.001; ES=0.79).
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Time to Completion (sec)

QB Forward Counting Drill
7.5
7
6.5
6
5.5
5
4.5
4
3.5
3
2.5

*

*,&
*,&,#

Baseline

2-Weeks

4-Weeks

Post

Testing Session

Note: *: different than baseline; &: different than 2-weeks; #: different than 4-weeks; P <
0.05. Tests were performed in cross trainer shoes.
Figure 4. Time to completion (sec) for the QuickBoard Forward Counting Drill to 20
touches for all footwear groups collapsed together from baseline through post-test
(mean±SD).

Finally, QuickBoard backward counting also showed no interaction (p=0.799) or group
effects (p=0.692), but yielded a time main effect (p<0.001; Figure 5) for all groups
together. Post hoc analysis revealed improved time to completion from baseline (5.6 ±
1.1 s) to 2-weeks (4.5 ± 0.7 s; p<0.001; ES=1.20), 4-weeks (4.3 ± 0.4 s; p<0.001;
ES=1.76) and post (4.0 ± 0.4 s; p<0.001; ES=2.20) and, from 2-weeks to 4-weeks
(p=0.007; ES=0.49) and post (p<0.001; ES=1.05) and, from 4-weeks to post (p<0.001;
ES=0.70; Figure 5).
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Time to Completion (sec)

QB Backward Counting Drill
7
6.5
6
5.5
5
4.5
4
3.5
3
2.5
2

*

Baseline

2-Weeks

*,&

4-Weeks

*,&,#

Post

Testing Session

Note: *: different than baseline; &: different than 2-weeks; #: different than 4-weeks; P <
0.05. Tests were performed in cross trainer shoes.
Figure 5. Time to completion (sec) for the QuickBoard Backward Counting Drill for 20
touches for all footwear groups collapsed together from baseline through post-test
(mean±SD).

2.3.2. Change of Direction
The ANOVA showed no interaction (p=0.513) or group effects (p=0.920), but
yielded a time main effect for COD (p<0.001; Figure 6) for all groups together. Post hoc
analysis revealed improved time to completion from baseline (6.4 ± 0.5 s) to 2-weeks
(6.2 ± 0.5 s; p<0.001; ES=0.39), 4-weeks (6.1 ± 0.5 s; p<0.001; ES=0.54) and post (5.9 ±
0.5 s; p<0.001; ES=0.88) and, from 2-weeks to post (p<0.001; ES=0.48) and, from 4weeks to post (p=0.001; ES=0.36).
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COD Drill
Time to Completion (sec)

7.5
7

*

*

6.5

*,&,#

6
5.5
5
4.5
Baseline

2-Weeks

4-Weeks

Post

Testing Session

Note: *: different than baseline; &: different than 2-weeks; #: different than 4-weeks; P <
0.05. Tests were performed in cross trainer shoes.
Figure 6. Time to completion (sec) for the Change of Direction Drill over 5 meters for all
footwear groups collapsed together from baseline through post-test (mean±SD).

2.3.3. Star excursion balance test
The ANOVA showed no interaction (p=0.982) or group effects (p=0.237), but
yielded a time main effect for cumulative right stance SEBT (p<0.001; Figure 7) for all
groups together. Post hoc analysis revealed improved reach distance from baseline (69.7
± 6.1 cm) to 4-weeks (72.8 ± 5.6 cm; p<0.001; ES=0.54) and post (75.7 ± 5.4 cm;
p<0.001; ES=1.04) and, from 2-weeks to 4-weeks (p=0.004; ES=0.43) and post
(p<0.001; ES=0.95) and, from 4-weeks to post (p<0.001; ES=0.52).
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SEBT Right Stance
Reach Distance (cm)

82

*,&,#

80

*,&

78
76
74
72
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66
Baseline

2-Weeks

4-Weeks

Post

Testing Session

Note: *: different than baseline; &: different than 2-weeks; #: different than 4-weeks; P <
0.05. Tests were performed barefoot.
Figure 7. Cumulative maximum reach distance (cm) for the Star Excursion Balance Test
while standing on the right foot for all footwear groups collapsed together from baseline
through post-test (mean±SD).

2.3.4. Stability evaluation
For the stability evaluation, the ANOVA showed no interaction (p=0.082) or
group effects (p=0.544), but yielded a main time effect for COP sway velocity during
right foot stance with eyes open (p=0.001; Table 2) for all groups together. Post hoc
analysis revealed lower COP sway velocity from baseline to 2-weeks (p=0.001;
ES=0.52), 4-weeks (p=0.001; ES=0.79) and post (p<0.001; ES=0.65). COP sway
velocity during right foot stance with eyes closed also showed no interaction (p=0.422) or
group effects (p=0.736), but yielded a main time effect (p=0.016; Table 2). Post hoc
analysis revealed lower COP sway velocity from baseline to 2-weeks (p=0.006;
ES=0.59), but an increase in COP sway velocity from 2-weeks to 4-weeks (p=0.003;
ES=0.47). COP sway velocity during left foot stance with eyes open also showed no
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interaction (p=0.307) or group effects (p=0.303), but yielded a main time effect (p=0.001;
Table 2). Post hoc analysis revealed lower COP sway velocity from baseline to 4-weeks
(p=0.001; ES=0.66) and post (p=0.001; ES=0.79) and, from 2-weeks to post (p=0.022;
ES=0.40). COP sway velocity during left foot stance with eyes closed showed no
interaction (p=0.959), group (p=0.759) or time effects (p=0.144; Table 2). Finally, the
comprehensive (i.e., average of all stances) for COP sway velocity showed no interaction
(p=0.632) or group effects (p=0.538), but yielded a main time effect (p=0.027; Table 2).
Post hoc analysis revealed improved COP sway velocity control from baseline to post
(p=0.006; ES=0.56).
2.3.5. Limits of stability
The ANOVA showed no interaction (p=0.996), group (p=0.415), or main time
effects (p=0.055) for forward LOS directional control (Table 3). Backward LOS
directional control also showed no interaction (p=0.866), group (p=0.380), or main time
effects (p=0.313; Table 3). Finally, the comprehensive (i.e., all directions) LOS
directional control also showed no interaction (p=0.802), group (p=0.597), or main time
effects (p=0.153; Table 3).
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Table 2. Mean center of pressure sway velocity (deg/sec) of two trials of stability
evaluation stance positions for 20 seconds (mean±SD).

Right Eyes Open a

Baseline
2-weeks *
4-weeks *
Post *

Barefoot
0.78 ± 0.15
0.73 ± 0.15
0.74 ± 0.09
0.78 ± 0.15

Minimal
0.76 ± 0.10
0.74 ± 0.13
0.68 ± 0.06
0.66 ± 0.10

Shod
0.79 ± 0.08
0.69 ± 0.08
0.69 ± 0.06
0.68 ± 0.09

Right Eyes Closed a

Baseline
2-weeks *
4-weeks &
Post

2.0 ± 0.67
1.8 ± 0.56
1.9 ± 0.52
1.9 ± 0.39

2.1 ± 0.83
1.5 ± 0.27
1.8 ± 0.33
1.7 ± 0.32

1.8 ± 0.32
1.6 ± 0.27
1.8 ± 0.43
1.6 ± 0.39

Left Eyes Open a

Baseline
2-weeks
4-weeks *
Post *,&

0.79 ± 0.11
0.73 ± 0.10
0.76 ± 0.13
0.74 ± 0.13

0.83 ± 0.10
0.79 ± 0.11
0.73 ± 0.08
0.71 ± 0.09

0.75 ± 0.10
0.73 ± 0.10
0.66 ± 0.11
0.67 ± 0.10

Left Eyes Closed

Baseline
2-weeks
4-weeks
Post

1.9 ± 0.52
1.8 ± 0.43
1.7 ± 0.28
1.7 ± 0.47

2.0 ± 0.99
1.9 ± 0.86
1.7 ± 0.44
1.6 ± 0.30

1.8 ± 0.36
1.7 ± 0.30
1.6 ± 0.23
1.5 ± 0.26

Comprehensive a

Baseline
2-weeks
4-weeks
Post *

1.1 ± 0.24
1.0 ± 0.19
1.0 ± 0.16
1.0 ± 0.19

1.1 ± 0.31 1.0 ± 0.14
1.0 ± 0.17 0.96 ± 0.09
1.0 ± 0.13 0.97 ± 0.16
0.96 ± 0.09 0.90 ± 0.14

Notes: a: significant time main effect. *: different than baseline; &: different than 2-weeks;
P < 0.05. All tests were performed barefoot.
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Table 3. Center of pressure directional control measured in percentage (%) of total limit
of stability in forward, backward and comprehensive directions (mean±SD).

Forward LOS

Baseline
2-weeks
4-weeks
Post

Barefoot
87.4 ± 3.4
87.5 ± 1.7
88.6 ± 2.3
89.1 ± 2.7

Minimal
88.7 ± 2.8
88.3 ± 4.6
89.8 ± 2.9
90.3 ± 3.4

Shod
86.1 ± 5.6
87.1 ± 4.5
87.9 ± 4.4
88.5 ± 3.5

Backward LOS

Baseline
2-weeks
4-weeks
Post

63.6 ± 14.6
62.3 ± 15.6
64.3 ± 17.0
64.1 ± 13.0

72.1 ± 10.9
65.3 ± 16.4
68.8 ± 16.9
66.3 ± 13.8

72.3 ± 3.8
70.6 ± 8.6
73.7 ± 7.0
69.7 ± 8.1

Baseline
2-weeks
Comprehensive
4-weeks
Post

77.1 ± 6.2
77.3 ± 6.0
78.9 ± 6.7
79.2 ± 5.0

80.8 ± 4.9
78.8 ± 7.2
80.4 ± 7.3
79.4 ± 7.2

80.4 ± 2.9
79.3 ± 4.5
81.9 ± 2.9
80.9 ± 3.6

Note: Directional control of 100% being a straight line from the center of pressure to the
intended target (no deviation); Forward LOS- three forward directions (forward, left
forward, right forward), Backward LOS- three backward directions (back, left back, right
back), Comprehensive- all eight directions computed into one; All tests were performed
barefoot.

2.4. Discussion
The purpose of this study was to examine the effects of barefoot, minimal
footwear, and cross-training shoes on agility, speed, and balance following a 6-week
agility training program in non-agility trained individuals. Our results indicated no
footwear effects on agility, speed and balance measures during and following the agility
training intervention. These findings fail to support our hypotheses that barefoot and
minimal groups would yield greater improvements in all performance measures
compared to the shod group, and barefoot and minimal groups would also yield more
rapid improvements than the shod group. Contrary to our findings, Du Plessis et al. (Du
Plessis, 2011) found that after six weeks of randomized agility and plyometric training in
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netball players, a barefoot group performed significantly better in agility tests (i.e., 505
agility test) compared to a shod group. A potential reason for the discrepancy in results
may be that their training protocol was much more intensive with a variety of exercises,
whereas the current study protocol trained on the QB only. Also, their protocol called for
a gradual increase in barefoot training where their subjects started out with only five
minutes of barefoot training which increased until the full training session was completed
(Du Plessis, 2011), whereas in the current study however, the barefoot group was
barefoot for all training sessions throughout the study. The transition from a traditional
shoe to barefoot or minimal footwear during training is a novel task to subjects with no
prior barefoot experience and thus, they may need a gradual increase in exposure to allow
an adequate adaptation period. Another explanation for the mixed results could be that
Du Plessis et al. (Du Plessis, 2011) used only female subjects, all of which were highlytrained athletes, whereas the subjects in the current study were recreationally trained with
no prior agility training and contained more men than women. Although there were no
significant differences between groups in performance gains, there were in fact
significant improvements in agility performance in all three groups concurrently over
time.
We expected greater improvements in agility and speed performance in the
barefoot and minimal groups as previous literature suggests positive effects from barefoot
and minimal footwear training. As stated by Brizuela et al. (Brizuela et al., 1997), bulky
shoes (i.e. basketball shoes) may support the ankle for injury prevention, but also limit
the range of motion of the ankle in the sagittal and frontal planes, thus reducing agility
performance. They concluded that rigid stable shoes should not be worn to perform
frequent rapid movements in order ensure optimal performance. The cross trainer shoes
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worn in our study were rigid, stable shoes that were even reported by the subjects as
much bigger and heavier than any shoes they would ever wear for exercising. These
shoes also fit the criteria of being bulky traditional shoes as mentioned by Brizuela et al
(Brizuela et al., 1997). Additionally, it has been reported that higher knee and ankle joint
stiffness decreases agility performance (McMillian et al., 2006), and traditional shoes,
when compared to barefoot, caused the peak ankle and knee joint stiffness to be
significantly higher during a rapid hopping agility task (Bishop et al., 2006). However,
the results of the current study contradicted the findings of previous research due to the
similar performance on agility tasks in barefoot and minimal footwear compared to the
cross training shoe. The lack of a difference between footwear may be related to the type
of training conducted. The QB counting drills (forward and backward), though they
simulate frequent, rapid movements similar to the tasks involved in the previously
mentioned research, may not be similar enough to the lateral cutting maneuvers (Brizuela
et al., 1997; McMillian et al., 2006) or the hopping task (Bishop et al., 2006) performed
to elicit the same type of results, or differences between footwear.
Further, we expected greater balance improvements in the barefoot and minimal
groups based on previous findings on footwear effects on balance measures. In relation,
Rose et al. (Rose et al., 2011) states that training barefoot or in minimal shoes leads to
improved postural stability because balance depends on cutaneous and proprioceptive
inputs from the feet that are lost when thicker-soled shoes are worn. Additionally,
Dobson et al. (Dobson et al., ) found that simply wearing minimal footwear (Vibram
FiveFinger KSO™) for an hour while doing daily activities improved balance ability.
However, the current study yielded results that are different from what was expected.
Training in the cross training shoes lead to the same postural balance stability as the
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barefoot and minimal groups, thus failing to support results from previously conducted
studies. Dobson et al. (Dobson et al., ) found results of improved balance after an eight
week period of minimal footwear use and thus, it is possible that six weeks of training
may not have been long enough to yield footwear differences in balance measures in our
study. Although there may not have been differences between footwear, the training did
in fact yield some expected results.
Our results showed that in young, healthy adults, agility training yielded
significant improvements in certain agility tasks such as QuickBoard foot speed, reaction
time and COD performance in six weeks. This finding is highly consistent with previous
research that also yielded the results of improved foot speed, reaction time, and COD
performance from training on the agility training tool used in the current study
(QuickBoard) in as little as four weeks in young, healthy adults (Galpin et al., 2008), and
increased performance in foot speed and reaction time after four and eight weeks of QB
training in healthy, older adults (Paquette et al., 2013). The current training resulted in
main effects in time for all three QuickBoard tests (i.e. forward/ and backward counting
and reaction drills) for each testing session after baseline (2-weeks, 4-weeks, and post),
indicating that gains in agility performance started as early as two weeks after the start of
the training program and significantly improved at each subsequent two-week testing
session. Although it was found that there were increases in performance after two weeks
of training, it could be due to a practice effect of a novel task in previously non-agility
trained individuals but, subjects were given practice time on the QuickBoard during a
familiarization session before the start of the training program. Collectively, the subjects
were able to decrease the time to completion of the forward (33 %) and backward (29 %)
counting drills by nearly two seconds from baseline to post test. In addition, time to
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completion of the reaction drill was reduced by 19 % from baseline to post test. The COD
test time to completion was improved by 8 % from baseline to post-test, but there was not
a significant difference between 2-week and 4-week tests. This finding may suggest that
there was a plateau effect in the training during mid-training but that an additional 2week training period produced further COD improvements. It is unclear why the
performance briefly leveled off during mid-training, but it could be due to the fact that
the increase in the number of touches from 2 to 4-weeks in the QuickBoard training drills
was not large enough to elicit gains in performance until the number increased from 4 to
6-weeks. Based on our findings, it appears that healthy, young adults with no previous
agility training experience can significantly improve their agility performance from
training on the QuickBoard for as little as two weeks. However, the importance of these
findings with regards to improved specific-sport performance is still unknown.
Not only did agility performance improve over time with the training regardless
of footwear, but balance performance was also improved over the 6-week intervention.
Although no time effects were found for the LOS measures, the reaching scores of the
SEBT showed improvements from baseline to post-test with no effects of footwear. The
maximum reach distance was not changed from baseline to 2-week test, but did improve
(i.e., increase) in the 4-week test and post-test compared to baseline and 2-week test. The
current results indicate that increases in reach distance in the SEBT are not seen until four
weeks of agility training. The data from the SEBT support previous results that found
improvements in balance performance from agility training in the form of plyometrics
(Myer et al., 2006). The training involved for that study involved six weeks of
plyometrics in the form of rapid and explosive jumping exercises, and dynamic single leg
balance on unstable surfaces concurrent with core stabilization exercises: exercises that
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closely resemble the movements used with the QuickBoard. The balance test involved
maintaining single-leg balance for ten seconds after performing single leg jumps, and
though the test may have been more dynamic, it also investigated COP sway in the
medio-lateral and anterior-posterior directions. Furthermore, the increased balance
performance seen in the current study could be attributed to improved lower limb
muscular strength (Bruhn et al., 2004; Cressey et al., 2007; Lephart et al., 2007; Myer et
al., 2006). Muscular strength in the lower limbs is needed to be able to stand on one foot
while reaching out as far as possible in different directions around the body while
maintaining balance. The training involves high force and velocity (i.e., power) steps
that could elicit muscular training effects similar to the plyometrics involved in
previously mentioned studies. However, muscular strength was not tested in the current
study. In addition, the single-foot reaction drill performed during training had very
similar movements as the SEBT and was mentioned by multiple subjects that they felt it
attributed to the increased performance on the SEBT.
Finally, the stability evaluation tests were also improved during the agility
training program. The ability to maintain COP sway velocity improved over time for
right foot stance with eyes open and closed, left foot stance with eyes open, and for the
comprehensive analysis of sway velocity (i.e., average of all stances). Static balance
sway velocity has been seen to improve with agility training in the same way as the
dynamic balance seen with the SEBT, with improvements in balance contributed to
improved lower limb muscular strength (Bruhn et al., 2004; Cressey et al., 2007; Lephart
et al., 2007; Myer et al., 2006). The improved stability while on the right and left leg
with eyes open and, right leg with eyes closed following agility training supports
previous research showing that static balance on one leg is improved following training
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including single leg exercises (Bruhn et al., 2004; Kean et al., 2006; Šalaj et al., 2007;
Yaggie & Campbell, 2006). The improvements in static balance seen in the stability
evaluation test could be theorized to the nature of the single-foot reaction drill performed
during training. It trains dynamic balance by requiring single leg stance for short periods
of time while forcefully tapping targets on the QuickBoard with the other foot, creating
large external forces on the stance limb. The stance limb then has to use lower extremity
muscles to counteract the forces in order to stabilize the body, thus improving the
musculature and balance ability. However, as previously stated, muscular strength was
not a test utilized in this study.
2.5. Conclusion
Our results show that the agility training had a positive effect on agility, speed
and balance performance and, supports the hypothesis that a 6-week agility training
program would improve performance on the various agility and balance tests in men and
women. Regardless of the type of footwear worn, gains in agility performance and
balance ability can be experienced with training. Although the data presented in the
current investigation supports the hypothesis that six weeks of training with the QB will
significantly improve agility performance, the differences between footwear on agility
performance is still not evident. Future studies should attempt to examine the effects of
footwear on various different training methods, rather than just a single modality.
Additionally, the subject sample was from a recreationally active population with no
prior experience with agility training, thus training on the QB with highly trained
individuals (i.e., pro/collegiate athletes), or at least agility trained, could be a possible
idea for future research. Another aspect to examine in future research is muscular
strength involve with the training. Identifying which muscles are activated the most
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during agility training and testing the change resulting from the intervention. It can be
concluded that future studies examining the effects of footwear on agility performance
with more training modalities and/or with a different population of subjects is warranted.
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CHAPTER 3
GENERAL CONCLUSIONS AND RECOMMENDATIONS
3.1. Conclusion
Six weeks of foot speed and reaction training on the QB yields improvements in
agility performance in healthy, young adults. Similar improvements in agility
performance as a result of QB training have been found in healthy, young adults in as
little as four weeks (Galpin et al., 2008), and after four, and eight weeks in healthy older
individuals as well (Paquette et al., 2013). Before the current study was conducted, there
was very little research done examining the effects of footwear on agility performance.
The current results indicate that there were no footwear effects on the performance in any
of the agility and balance tests performed. This indicates that improvements in agility
can be seen in healthy individuals regardless of the type of footwear worn. Although
there were no footwear effects, this study helps prove that the QB is a valid training
apparatus to significantly increase agility performance.
3.2. Practical Application
The applicability of the effects of QB training to sport-specific tasks is unknown.
Training on the QB does increase agility performance, however the relation of the type of
training to on-field tasks performed in a sport needs further examination. Although there
is no research on how the QB relates to athletic performance, the training performed in
the current study resulted in significant improvements in the COD test. The COD has
been linked to other field-based tests that all correlate to increased athletic performance.
Thus incorporating the QB exercises to current training can increase agility performance
that could carry over to improved athletic ability in sport settings.
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3.3. Recommendations For Future Research
The current study provides insight regarding the effects of footwear on agility
performance during reaction and foot speed training. Future research should focus on
implementing more modalities to train agility. Having multiple methods to train would
provide additional information on the footwear effects on agility performance.
Furthermore, exposing subjects to barefoot and minimal footwear training for longer
durations at higher intensities could be beneficial to yield significant results. Research
with a variety of subjects (i.e. athletes and/or highly trained individuals) should be used
for future studies to see how footwear affects individuals of different calibers. Finally,
muscular strength of certain muscles could be further researched to examine what
muscles activate the most during agility training and provide the most influence on agility
and balance performance.
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How Long?

•
•
•
•

Eligibility for Participation
Between the ages of 18 and 35 years
No prior surgeries or current injuries to
lower limbs
Recreationally active
No prior training experience with
minimal footwear or barefoot training

8 weeks
If interested please contact:
Josh Bravo
jdbravo@memphis.edu
Field House Room 135

APPENDIX A
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The Exercise Training
Intervention Laboratory is
conducting a training study
looking at the effects of
footwear on agility
performance.

APPENDIX B
HEALTH HISTORY AND FITNESS ACTIVITY QUESTIONNAIRE

Subject:
ID:

Health History
Have you ever been diagnosed with any of the following lower-body musculoskeletal
injuries or disorders? Check all that apply.
Tendonitis:
Arthritis:
Plantar Fasciitis:
Cruciate Ligament Damage: ________
Cartilage Damage: __________
Bone Fractures: ___________
Other:
If other, please describe:

Have you undergone any of the following surgical procedures? Check all that apply.
Cruciate Ligament Repair:
Tendon Repair:
Joint Replacement/Reconstruction:
Ankle Fracture Repair:
Femoral Reconstruction:
Tibia/Fibula Reconstruction:
Other:
If other, please describe:

Have you been diagnosed with any other health problem?
YES
If yes, please describe.

NO

If known, when was the date of your last physical examination (visit to your general
practitioner)?

Fitness Activity
Please describe your current participation in the following types of exercise:
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1.
Aerobic (aerobic classes, walking, jogging, stair climbing, hiking, cycling, etc.)
Frequency (# of days per week):
Duration (time spent per session):
minutes
Intensity (difficulty level):
light
somewhat hard
hard
very hard
How long have you been participating in aerobic activity as described above?
Years
2.
Anaerobic (weight training, sprinting, etc.)
Frequency (# of days per week):
Duration (time spent per session):
minutes
Intensity (difficulty level):
light
somewhat hard
hard
very hard
How long have you been participating in anaerobic activity as described above?
Years
3.
Organized or Recreational sports
Type of sport(s):
Frequency (# of days per week):
Duration (time spent per session):
minutes
Intensity (difficulty level):
light
somewhat hard
hard
very hard
How long have you been participating in sports activity as described above?
Years
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APPENDIX C

PAR-Q & YOU

Physical Activity Readiness
Questionnaire - PAR-Q
(revised 2002)

(A Questionnaire for People Aged 15 to 69)
Regular physical activity is fun and healthy, and increasingly more people are starting to become more active every day. Being more active is very safe for most
people. However, some people should check with their doctor before they start becoming much more physically active.
If you are planning to become much more physically active than you are now, start by answering the seven questions in the box below. If you are between the
ages of 15 and 69, the PAR-Q will tell you if you should check with your doctor before you start. If you are over 69 years of age, and you are not used to being
very active, check with your doctor.
Common sense is your best guide when you answer these questions. Please read the questions carefully and answer each one honestly: check YES or NO.
YES

NO

If
you
answered

1.

Has your doctor ever said that you have a heart condition and that you should only do physical activity
recommended by a doctor?

2.

Do you feel pain in your chest when you do physical activity?

3.

In the past month, have you had chest pain when you were not doing physical activity?

4.

Do you lose your balance because of dizziness or do you ever lose consciousness?

5.

Do you have a bone or joint problem (for example, back, knee or hip) that could be made worse by a
change in your physical activity?

6.

Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or heart con-
dition?

7.

Do you know of any other reason why you should not do physical activity?

YES to one or more questions
Talk with your doctor by phone or in person BEFORE you start becoming much more physically active or BEFORE you have a fitness appraisal. Tell
your doctor about the PAR-Q and which questions you answered YES.
• You may be able to do any activity you want — as long as you start slowly and build up gradually. Or, you may need to restrict your activities to
those which are safe for you. Talk with your doctor about the kinds of activities you wish to participate in and follow his/her advice.
• Find out which community programs are safe and helpful for you.

➔

NO to all questions
If you answered NO honestly to all PAR-Q questions, you can be reasonably sure that you can:
• start becoming much more physically active – begin slowly and build up gradually. This is the
safest and easiest way to go.
• take part in a fitness appraisal – this is an excellent way to determine your basic fitness so
that you can plan the best way for you to live actively. It is also highly recommended that you
have your blood pressure evaluated. If your reading is over 144/94, talk with your doctor
before you start becoming much more physically active.

DELAY BECOMING MUCH MORE ACTIVE:
• if you are not feeling well because of a temporary illness such as
a cold or a fever – wait until you feel better; or
• if you are or may be pregnant – talk to your doctor before you
start becoming more active.

PLEASE NOTE: If your health changes so that you then answer YES to
any of the above questions, tell your fitness or health professional.
Ask whether you should change your physical activity plan.

Informed Use of the PAR-Q: The Canadian Society for Exercise Physiology, Health Canada, and their agents assume no liability for persons who undertake physical activity, and if in doubt after completing
this questionnaire, consult your doctor prior to physical activity.

No changes permitted. You are encouraged to photocopy the PAR-Q but only if you use the entire form.
NOTE: If the PAR-Q is being given to a person before he or she participates in a physical activity program or a fitness appraisal, this section may be used for legal or administrative purposes.

"I have read, understood and completed this questionnaire. Any questions I had were answered to my full satisfaction."
NAME ________________________________________________________________________
SIGNATURE _______________________________________________________________________________

DATE______________________________________________________

SIGNATURE OF PARENT _______________________________________________________________________
or GUARDIAN (for participants under the age of majority)

WITNESS ___________________________________________________

Note: This physical activity clearance is valid for a maximum of 12 months from the date it is completed and
becomes invalid if your condition changes so that you would answer YES to any of the seven questions.
© Canadian Society for Exercise Physiology
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continued on other side...

PAR-Q & YOU

...continued from other side

Physical Activity Readiness
Questionnaire - PAR-Q
(revised 2002)

#


#HOOSE A VARIETY OF
ACTIVITIES FROM THESE
THREE GROUPS

! $ ! 3
!.

Physical Act ivit y Guide
%NDURANCE

TO (EALTHY !CTIVE ,IVING

4 -7 days a week
Continuous activities
for your heart, lungs
and circulatory system.

0HYSICAL ACTIVITY IMPROVES HEALTH

&LEXIBILITY

%VERY LITTLE BIT COUNTS BUT MORE IS EVEN

'ET ACTIVE YOUR WAY n

4 -7 days a week
Gentle reaching, bending
and stretching activities to
keep your muscles relaxed
and joints mobile.

BUILD PHYSICAL ACTIVITY

3TRENGTH

INTO YOUR DAILY LIFE

2-4 days a week
Activities against resistance
to strengthen muscles and
bones and improve posture.

BETTER n EVERYONE CAN DO IT

s AT HOME
s AT SCHOOL
s AT WORK
s AT PLAY

3TARTING SLOWLY IS VERY
SAFE FOR MOST PEOPLE
.OT SURE #ONSULT YOUR
HEALTH PROFESSIONAL

s ON THE WAY
THATS
ACTIVE LIVING

&OR A COPY OF THE
'UIDE (ANDBOOK AND
MORE INFORMATION
    OR
WWWPAGUIDECOM
%ATING WELL IS ALSO
IMPORTANT &OLLOW
#ANADAS &OOD 'UIDE
TO (EALTHY %ATING TO
MAKE WISE FOOD CHOICES

)NCREASE
%NDURANCE
!CTIVITIES

)NCREASE
&LEXIBILITY
!CTIVITIES

)NCREASE
3TRENGTH
!CTIVITIES

2EDUCE

3ITTING FOR
LONG PERIODS

'ET !CTIVE 9OUR 7AY %VERY $AYn&OR ,IFE
Scientists say accumulate 60 minutes of physical activity
every day to stay healthy or improve your health. As
you progress to moderate activities you can cut down to
30 minutes, 4 days a week. Add-up your activities in periods
of at least 10 minutes each. Start slowly… and build up.

4IME NEEDED DEPENDS ON EFFORT
6ERY ,IGHT ,IGHT %FFORT
 MINUTES
%FFORT
s 3TROLLING
s $USTING

s
s
s
s

,IGHT WALKING
6OLLEYBALL
%ASY GARDENING
3TRETCHING

-ODERATE %FFORT 6IGOROUS %FFORT -AXIMUM
  MINUTES   MINUTES %FFORT
s
s
s
s
s
s

"RISK WALKING
"IKING
2AKING LEAVES
3WIMMING
$ANCING
7ATER AEROBICS

s
s
s
s
s
s

!EROBICS
*OGGING
(OCKEY
"ASKETBALL
&AST SWIMMING
&AST DANCING

s 3PRINTING
s 2ACING

2ANGE NEEDED TO STAY HEALTHY

9OU #AN $O )T n 'ETTING STARTED IS EASIER THAN YOU THINK
Physical activity doesn t have to be very hard. Build physical
activities into your daily routine.
• Walk whenever you can – get
off the bus early, use the stairs
instead of the elevator.
• Reduce inactivity for long
periods, like watching TV.
• Get up from the couch and
stretch and bend for a few
minutes every hour.
• Play actively with your kids.
• Choose to walk, wheel or
cycle for short trips.

• Start with a 10 minute walk –
gradually increase the time.
• Find out about walking and
cycling paths nearby and
use them.
• Observe a physical activity
class to see if you want to try it.
• Try one class to start – you don t
have to make a long-term
commitment.
• Do the activities you are doing
now, more often.

"ENEFITS OF REGULAR ACTIVITY

(EALTH RISKS OF INACTIVITY

•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•

better health
improved fitness
better posture and balance
better self-esteem
weight control
stronger muscles and bones
feeling more energetic
relaxation and reduced stress
continued independent living in
later life

premature death
heart disease
obesity
high blood pressure
adult-onset diabetes
osteoporosis
stroke
depression
colon cancer

#ANADIAN 3OCIETY FOR
%XERCISE 0HYSIOLOGY

Santé
Canada

No changes permitted. Permission to photocopy
this document in its entirety not required.
Cat. No. H39-429/1998-1E ISBN 0-662-86627-7
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Source: Canada's Physical Activity Guide to Healthy Active Living, Health Canada, 1998 http://www.hc-sc.gc.ca/hppb/paguide/pdf/guideEng.pdf
© Reproduced with permission from the Minister of Public Works and Government Services Canada, 2002.
FITNESS AND HEALTH PROFESSIONALS MAY BE INTERESTED IN THE INFORMATION BELOW:
The following companion forms are available for doctors' use by contacting the Canadian Society for Exercise Physiology (address below):
The Physical Activity Readiness Medical Examination (PARmed-X) – to be used by doctors with people who answer YES to one or more
questions on the PAR-Q.
The Physical Activity Readiness Medical Examination for Pregnancy (PARmed-X for Pregnancy) – to be used by doctors with pregnant
patients who wish to become more active.
References:
Arraix, G.A., Wigle, D.T., Mao, Y. (1992). Risk Assessment of Physical Activity and Physical Fitness in the Canada Health Survey
Follow-Up Study. J. Clin. Epidemiol. 45:4 419-428.
Mottola, M., Wolfe, L.A. (1994). Active Living and Pregnancy, In: A. Quinney, L. Gauvin, T. Wall (eds.), Toward Active Living: Proceedings of the International
Conference on Physical Activity, Fitness and Health. Champaign, IL: Human Kinetics.
PAR-Q Validation Report, British Columbia Ministry of Health, 1978.
Thomas, S., Reading, J., Shephard, R.J. (1992). Revision of the Physical Activity Readiness Questionnaire (PAR-Q). Can. J. Spt. Sci. 17:4 338-345.
For more information, please contact the:

The original PAR-Q was developed by the British Columbia Ministry of Health. It has
been revised by an Expert Advisory Committee of the Canadian Society for Exercise
Physiology chaired by Dr. N. Gledhill (2002).

Canadian Society for Exercise Physiology
202-185 Somerset Street West
Ottawa, ON K2P 0J2
Tel. 1-877-651-3755 • FAX (613) 234-3565
Online: www.csep.ca
© Canadian Society for Exercise Physiology

Disponible en français sous le titre «Questionnaire sur l'aptitude à l'activité physique
- Q-AAP (revisé 2002)».
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APPENDIX D

Institutional Review
Board
315 Administration Bldg.
Memphis, TN 381523370
Office: 901.678.3074
Fax:901.678.2199

Consent to Participate in a Research Study
Footwear effects on agility and performance while using the Quick Board
WHY ARE YOU BEING INVITED TO TAKE PART IN THIS RESEARCH?
You are being invited to take part in a research study about a training intervention using different
types of footwear to improve agility performance. You are being invited to take part in this
research study because you are healthy, able-bodied, and want to improve athletic
performance. If you volunteer to take part in this study, you will be one of about 40 people to do
so at the University of Memphis.
WHO IS DOING THE STUDY?
The person in charge of this study is Joshua Bravo, a Master’s student in the Department of
Health and Sport Sciences at the University of Memphis. He is being guided in this research by
Dr. Max Paquette, an assistant professor in the department. There may be other individuals such
as graduate students on the research team assisting at different times during the study.
WHAT IS THE PURPOSE OF THIS STUDY?
By doing this study, we hope to learn what the effects of different types of footwear are on agility
and speed performance variables such as foot speed, reaction time, and agility after training on
the QuickBoard (QuickBoard LLC), an agility and speed training tool developed for sport
performance.

ARE THERE REASONS WHY YOU SHOULD NOT TAKE PART IN THIS STUDY?
We will be recruiting healthy, young adults age ranging from 18- 35 with no prior lower limb
surgeries, no current lower limb injuries, and no prior experience in training with minimal footwear
(agility, resistance or endurance training). If you do not fall into that age range, or are described
by one of the other conditions, then I apologize, but you cannot participate in the study.
WHERE IS THE STUDY GOING TO TAKE PLACE AND HOW LONG WILL IT LAST?
The research procedures will be conducted at the Exercise Training Intervention Laboratory
(Fieldhouse 171) at The University of Memphis. You will need to come to the Elma Roane Field
House, Room 171 approximately 20 times throughout the course of the study. Each of those
visits will take about 30-45 minutes. The total amount of time you will be asked to volunteer for
this study is approximately 13 hours over the next 8 weeks, or 2 months.
WHAT WILL YOU BE ASKED TO DO?
From the beginning once eligible to participate in the study you will be randomly placed into one
of three footwear groups: barefoot condition, minimal footwear condition or traditional shoe
condition (your own tennis shoes). Once assigned to your footwear condition, you will be

IRB #: 2852
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required to remain in that same footwear condition throughout the entire duration of the study. If
you are assigned to the minimal footwear condition, the shoes will be kept in lab to be secured
until the next time of use.
This study will require you to perform at maximal or near maximal effort for every training and
testing visit. You can expect to get the heart rate up, sweat, and experience partial fatigue. You
will be trained on the Quick Board performing five different drills: two count drills
(forward/backward), two-foot reaction drill, and single foot reaction drill (left foot/right foot).
The forward count drill consists of starting in the neutral zone of the Quick Board (feet on either
side of the middle dot) then stepping forward to the two front dots one foot at a time, then back to
the neutral zone 10 times (total of 20 touches on the front dots) as fast as possible.
The backward count drill follows the same technique as the forward, with the exception of
touching the back two dots instead of the front two. Again for 20 total touches.
The two-foot reaction drill consists of using the control box that has 5 lights that correspond to the
5 dots on the board. You will start by standing in the neutral zone, and after a five-second
countdown, the lights will light up one at a time in random order requiring you to react by touching
the corresponding dots as fast as possible for ten touches. You will use your left foot on the left
two dots, right foot on the right two dots, and either foot for the middle dot.
The single-foot reaction drill follows the same procedure as the two-foot reaction drill, with the
exception that for the left leg, you will stand in the left neutral zone and use your right foot to
touch all 5 of the dots as they light up on the control box. Then the same for the right leg; you will
stand on the right neutral zone and use your left foot to touch the corresponding dots as they light
up.
You will perform each drill 3 times with a minute rest between sets.
You will have baseline testing done (pre-test), then the same testing again after 2 weeks of
training, after 4 weeks of training, and after 6 weeks of training (post-test)
Testing includes using the Quick Board, the NeuroCom Balance System, STAR Excursion
Balance Test (SEBT) and the Change-of-Direction-and-Acceleration-Test (CODAT).
The tests on the Quick Board will be the count drill (forward/backward) and two-foot reaction drill.
All three tests will be performed in the same manner as the training, but with the first trial being a
practice set, and the next two being performance sets that will be recorded. These three tests will
assess your foot speed and reaction time.
The NeuroCom tests will include the Stability Evaluation test and the Limits of Stability test. The
Stability Evaluation test consists of standing on the NeuroCom board and holding 6 different
poses for 20 seconds: two feet eyes open, two feet eyes closed, single leg stance on nondominant foot with eyes open, single leg stance on non-dominant foot with eyes closed, single leg
stance on dominant foot with eyes open, and single leg stance on dominant foot with eyes closed.
With each stance you will place your hands on hips for the entire 20 seconds with the goal of
each one being as still as possible. This test assesses your balance and stability. Each stance
will be repeated three times. The Limits of Stability test consists of standing on the board and
moving your body in the direction required by a cursor on a computer screen linked up to the
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board. You will achieve motion of the cursor by leaning to eight target areas located in different
directions around your body. You start in the middle box (standing upright with center of pressure
directly under center of mass) and when cued, lean in the direction of the given target and hold
cursor in the target area or as close to the target area as possible, without losing balance, for five
seconds. Once completed, you restart in the middle and move to the next target. This test
measures reaction time: the time in seconds between the command to move and your first
movement; movement velocity: the average speed of center of gravity movement in degrees per
second; endpoint excursions: the distance of the first movement toward the designated target;
maximum excursion: the maximum distance achieved during the trial; and directional control: the
comparison of the amount of movement towards the target to the amount of movement away
from the target. The LOS test will be performed until one successful trial of not losing balance is
completed at each of the eight different target zones.
The SEBT will consist of you standing in the middle of a star with 8 different directions all the way
around you. You stand in the middle on one leg while using the opposite foot to reach and touch
as far as possible down the given line without losing balance. The distance from the center of the
star (i.e., where the support foot is located) to the furthest point reached down each line will be
measured with a tape measure. You will get three tries on each line to reach as far as possible
with the furthest point reached down each line recorded for analysis. This will be performed on
each leg.
The CODAT is the test that requires the most effort. It is a speed/agility test that will require you
to sprint and change direction (i.e., cut/turn) as quickly as possible. The total time to completion is
captured using infrared photocells (i.e., light beam sensors) and an electronic timer. The test
consists of sprinting for 5 meters, followed by a series of cuts separated by 3 meters, and a final
10 meter sprint to finish. After the initial sprint you will make a 45 degree cut to the right, a 90
degree cut to the left, a 90 degree cut to the right, and a 45 degree cut to the left, followed by the
final 10 meter sprint.
WHAT ARE THE POSSIBLE RISKS AND DISCOMFORTS?
The potential risks and discomforts that may be experienced are minimal, but are that of maximal
effort exercises. You may experience simple things such as blisters, cramps, and soreness.
Considering the effort involved and the complexity of some of the drills, you could experience falls
from losing balance which could result in bruises and soreness of the affected area, or even
strained muscles or ankle sprains from the cutting maneuvers of the CODAT test. This test
contains the most complex movements that will be done, and has the highest risk for injury, but
pose no more risk than what may be experienced in the non-contact portion of an athletic
performance (sprinting, juking, cutting, evasive maneuvers, etc.)
In order to minimize and prevent the potential risks of injury, the researcher will take all
precautions for safety. For all balance testing and training on the QB the researcher will remain
close to the subject to ensure that loss of balance will not result in falling. Adequate stretching
and warm up will be required before the CODAT test to minimize any muscle strains, and the use
of appropriate socks and shoes will be utilized for this test to reduce blisters and potential ankle
sprains. There will be water on-hand during the strenuous activities to prevent dehydration. The
researcher is CPR/First Aid certified and will follow the adverse effect plan issued for the lab in
which the study will be conducted if any medical problems arise.
WILL YOU BENEFIT FROM TAKING PART IN THIS STUDY?
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There is no guarantee that you will get any benefit from taking part in this study. However, some
people have experienced increased balance, stability, foot speed, agility, and increases in
aspects of overall athletic performance when taking part in drills and exercises that focus on
aspects athletic performance. Your willingness to take part, however, may, in the future, help
society as a whole better understand this research topic.
DO YOU HAVE TO TAKE PART IN THE STUDY?
If you decide to take part in the study, it should be because you really want to volunteer. You will
not lose any benefits or rights you would normally have if you choose not to volunteer. You can
stop at any time during the study and still keep the benefits and rights you had before
volunteering. If you decide not to take part in this study, your decision will have no effect on the
quality of care, services, etc., you receive from the University. As a student, if you decide not to
take part in this study, your choice will have no effect on you academic status or grade in the
class.

IF YOU DON’T WANT TO TAKE PART IN THE STUDY, ARE THERE OTHER CHOICES?
If you do not want to be in the study, it is solely up to you but there are no other choices except
not to take part in the study. If you choose to not take part in the study, there are no other options
to gain the benefits of the study.

WHAT WILL IT COST YOU TO PARTICIPATE?
There are no costs associated with taking part in the study except for your full commitment to the
timeframe of the study.
WILL YOU RECEIVE ANY REWARDS FOR TAKING PART IN THIS STUDY?
Participation in the study is voluntary and you will not receive payment to participate.

WHO WILL SEE THE INFORMATION THAT YOU GIVE?
We will make every effort to keep private all research records that identify you to the extent
allowed by law.
Your information will be combined with information from other people taking part in the study.
When we write about the study to share it with other researchers, we will write about the
combined information we have gathered. You will not be personally identified in these written
materials. We may publish the results of this study; however, we will keep your name and other
identifying information private. The information on the forms we will have you fill out will remain
private, and only my advisor and I will be the only ones to see them.
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We will make every effort to prevent anyone who is not on the research team from knowing that
you gave us information, or what that information is. After the forms you will fill out are
completed, they will be kept in a locked file cabinet at which my research team will be the only
ones to be able to access it. Any information that gets transferred electronically will be stored on
a computer with passcode entry that only the research team will know.
We will keep private all research records that identify you to the extent allowed by law. However,
there are some circumstances in which we may have to show your information to other people. If
any medical situation arises at which the paramedics or any other form of emergency care have
to be called, we may be required to provide health history forms and or contact information. For
example, the law may require us to show your information to a court or to tell authorities if you
report information that could pose a danger to yourself or someone else. Also, we may be
required to show information which identifies you to people who need to be sure we have done
the research correctly; these would be people from such organizations as the University of
Memphis or any other funding agencies that may have ties with our research study.

CAN YOUR TAKING PART IN THE STUDY END EARLY?
If you decide to take part in the study you still have the right to decide at any time that you no
longer want to continue. You will not be treated differently if you decide to stop taking part in the
study.
The individuals conducting the study may need to withdraw you from the study. This may occur if
you are not able to follow the directions they give you, if they find that your being in the study is
more risk than benefit to you, or if the agency funding the study decides to stop the study early for
a variety of scientific reasons. The consequences of withdrawing would include the lack of any
personal benefits/gains you may have experienced by taking part in the study. Your withdrawal
would result in the power of the study to go down, and may require the researchers to find a
replacement subject if the time permits.

ARE YOU PARTICIPATING OR CAN YOU PARTICIPATE IN ANOTHER RESEARCH STUDY
AT THE SAME TIME AS PARTICIPATING IN THIS ONE?
You may take part in this study if you are currently involved in another research study as long as
you fit the inclusion/exclusion requirements. As long as the current study you are participating in
doesn’t require you to abstain from physical activity for any period of time, make you perform any
other type of agility/plyometric training, or uses minimalist footwear in their study, then you should
be able to partake in multiple studies, once discussed with the researcher. It is important to let
the investigator/your doctor know if you are in another research study. You should also discuss
with the investigator before you agree to participate in another research study while you are
enrolled in this study.

WHAT HAPPENS IF YOU GET HURT OR SICK DURING THE STUDY?
If you believe you are hurt or if you get sick because of something that is due to the study, you
should call Dr. Max Paquette at 901-678-5025 immediately. In case of illness or injury during
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his/her participation in the study, you may reach Dr. Paquette on his mobile phone at 865-3107820.
Dr. Paquette will determine what type of treatment, if any, that is best for you at that time.
If any abnormal signs or symptoms are present during your participation, testing will be
terminated and you will receive attention, following the Adverse Events plan of the Human
Performance Laboratories (Consent Form Addendum). Otherwise, no treatment will be provided.
It is important for you to understand that the University of Memphis does not have funds set aside
to pay for the cost of any care or treatment that might be necessary because you get hurt or sick
while taking part in this study. Also, the University of Memphis will not pay for any wages you may
lose if you are harmed by this study.
Medical costs that result from research related harm cannot be included as regular medical costs.
Therefore, the medical costs related to your care and treatment because of research related harm
will be your responsibility.
A co-payment/deductible from you may be required by your insurer or Medicare/Medicaid even if
your insurer or Medicare/Medicaid has agreed to pay the costs. The amount of this copayment/deductible may be substantial.
You do not give up your legal rights by signing this form.

WHAT IF YOU HAVE QUESTIONS, SUGGESTIONS, CONCERNS, OR COMPLAINTS?
Before you decide whether to accept this invitation to take part in the study, please ask any
questions that might come to mind now. Later, if you have questions, suggestions, concerns, or
complaints about the study, you can contact the investigator, Joshua Bravo at (931) 996-1301, or
come by the researcher’s office located in FH 135. If you have any questions about your rights
as a volunteer in this research, contact the Institutional Review Board staff at the University of
Memphis at 901-678-3074. We will give you a signed copy of this consent form to take with you.

WHAT IF NEW INFORMATION IS LEARNED DURING THE STUDY THAT MIGHT AFFECT
YOUR DECISION TO PARTICIPATE?
If the researcher learns of new information in regards to this study, and it might change your
willingness to stay in this study, the information will be provided to you. You may be asked to
sign a new informed consent form if the information is provided to you after you have joined the
study.
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WHAT ELSE DO YOU NEED TO KNOW?
_________________________________________
Signature of person agreeing to take part in the study

____________
Date

_________________________________________
Printed name of person agreeing to take part in the study
_________________________________________
Name of [authorized] person obtaining informed consent
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APPENDIX E
Hello,
The University of Memphis Institutional Review Board, FWA00006815, has reviewed
and approved your submission in accordance with all applicable statuses and regulations
as well as ethical principles.
PI NAME: Joshua Bravo
CO-PI:
PROJECT TITLE: Footwear effects on agility and performance while using The Quick
Board
FACULTY ADVISOR NAME (if applicable): Maxime Paquette
IRB ID: #2852
APPROVAL DATE: 12/6/2013
EXPIRATION DATE: 10/17/2014
LEVEL OF REVIEW: Expedited Modification
RISK LEVEL DETERMINATION:No more than minimal
Please Note: Modifications do not extend the expiration of the original approval

Approval of this project is given with the following obligations:
1. If this IRB approval has an expiration date, an approved renewal must be in
effect to continue the project prior to that date. If approval is not obtained, the
human consent form(s) and recruiting material(s) are no longer valid and any
research activities involving human subjects must stop.
2. When the project is finished or terminated, a completion form must be completed
and sent to the board.
3. No change may be made in the approved protocol without prior board approval,
whether the approved protocol was reviewed at the Exempt, Exedited or Full Board
level.
4. Exempt approval are considered to have no expiration date and no further review
is necessary unless the protocol needs modification.
Approval of this project is given with the following special obligations:
Thank you,
Ronnie Priest, PhD
Institutional Review Board Chair
The University of Memphis.
Note: Review outcomes will be communicated to the email address on file. This email should be
considered an official communication from the UM IRB. Consent Forms are no longer being stamped
as well. Please contact the IRB atIRB@memphis.edu if a letter on IRB letterhead is required.
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